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successfully	 employed	 to	 manipulate	 the	 solubility	 and	 aggregation	 properties	 of	 these	
chromophores.	Substitution	of	the	naphthalene	core	is	more	synthetically	demanding	but	has	been	
successfully	 achieved	 and	 typically	 leads	 to	 a	 more	 direct	 modification	 of	 the	 absorption	
properties.[19,20]	Herein	we	have	chosen	to	investigate	the	effect	of	tertiary	amine	substitution	on	the	

























-	 grey,	 nitrogen-	 blue,	 oxygen-	 red.	Hydrogen	 atoms	 and,	 in	 c)	 and	 d),	 the	 imide	 substituents	 are	
omitted	for	clarity.	
	









found	 to	 be	 48.7o	 for	 two	 of	 the	 appendages	 and	 79.3o	 for	 the	 other	 two	 substituents	 (nearly	
perpendicular	 to	 the	 naphthalene	 diimide	 plane).	 Thus,	 two	of	 the	morpholine	 units	 in	3	adopt	 a	
similar	 conformation	 to	 those	 in	1	and	2	whereas	 the	 remaining	morpholine	 groups	 adopt	 a	near	
perpendicular	orientation	with	respect	to	the	NDI	plane	in	the	solid-state	structure	of	3.	
It	is	apparent	from	the	highly	coloured	solutions	formed	by	1-3	that	morpholine	substitution	has	a	
significant	effect	on	 the	optical	properties	of	NDI,	as	 is	expected	 for	 the	 incorporation	of	electron	
donating	substituents	like	amines.[19,20,24]	A	considerable	shift	of	the	absorption	maxima	into	the	visible	
is	observed	upon	addition	of	morpholine	substituents	to	the	NDI	unit.	Whereas	mono-bromo	NDI	is	
pale	yellow	 in	CHCl3	solution,	1	 is	pink	 (lmax	=	541	nm)	and	2	 is	blue	(lmax	=	602	nm)	(Figure	3,	4).	
Surprisingly	3	was	found	to	be	a	similar	colour	(lmax	=	550	nm)	to	1	despite	the	incorporation	of	three	
additional	 morpholine	 substituents.	 The	 bathochromic	 shift	 in	 the	 absorption	 maxima	 upon	 the	
introduction	of	additional	morpholine	groups	in	1	and	2	is	consistent	with	our	previous	observations	
with	related	PDI	analogues[25,26]	and	with	related	amino-functionalised	NDIs.[19,20,24]	Surprisingly,	the	
addition	 of	 four	 morpholine	 groups	 onto	 the	 naphthalene	 core,	 3,	 results	 in	 a	 similar	 UV-visible	
spectroscopic	 profile	 to	 that	 for	 1,	 and	 is	 in	 stark	 contrast	 to	 previously	 related	 examples	 of	
tetraamino-functionalised	NDIs.[24]	




spectra	 for	 the	 electrogenerated	monoanions	were	 recorded	 confirming	 the	 formation	 on	 radical	
anions	 upon	 reduction	 (see	 SI).	 	 We	 note	 that	 an	 increase	 in	 the	 number	 of	 electron-donating	
morpholine	substituents	results	in	a	systematic	shift	of	reduction	potential	to	more	negative	values,	


























































localized	on	 the	NDI	 units	with	 contributions	of	 94.4,	 92.1	 and	87.0	 (%NDI)	 and	5.3,	 7.6	 and	12.5	
(%morpholine).	The	energies	of	the	HOMO	and	LUMO	in	1-3	follow	the	trend	3	>	2	>	1	which	is	in	line	
with	the	incorporation	of	one,	two	and	four	morpholine	units	in	1,	2	and	3,	respectively.	However,	we	












In	 conclusion,	we	 have	 demonstrated	 that	 it	 is	 readily	 possible	 to	 functionalise	NDIs	with	
amine	functionalities	that	give	rise	to	highly	coloured	dye	molecules.	Whilst	the	expected	shift	in	redox	
potentials	 to	 more	 negative	 values	 follows	 the	 increase	 in	 number	 of	 electron	 donating	 amine	
substituents	in	1,	2	and	3,	(one,	two	and	four	respectively),	the	resulting	absorption	properties	are	far	













































[19]	 R.	 Bhosale,	 A.	 Perez-Velasco,	 V.	 Ravikumar,	 R.	 S.	 K.	 Kishore,	 O.	 Kel,	 A.	 Gomez-Casado,	 P.	
Jonkheijm,	 J.	 Huskens,	 P.	Maroni,	M.	 Borkovec,	 T.	 Sawada,	 E.	 Vauthey,	N.	 Saka,	 S.	Matile,	
Angew.	Chem.	Int.	Ed.,	2009,	48,	6461	–6464.	











[26]	 B.A.	 Llewellyn,	 E.S.	 Davies,	 C.R.	 Pfeiffer,	 M.	 Cooper,	 W.	 Lewis,	 N.R.	 Champness,	 Chem.	
Commun.,	2016,	52,	2099-2102.	
[27]	 M.	Jaggi,	B.	Schmid,	S-X.	Liu,	S.V.	Bhosale,	S.	Rivadehi,	S.J.	Langford,	S.	Decurtins,	Tetrahedron,	
2011,	67,	7231-7235.		
[28]	 H.	Jia,	B.	Schmid,	S-X.	Liu,	M.	Jaggi,	P.	Monbaron,	S.V.	Bhosale,	S.	Rivadehi,	S.J.	Langford,	L.	
Sanguinet,	E.	Levillain,	M.E.	El-Khouly,	Y.	Morita,	S.	Fukuzumi,	S.	Decurtins,	ChemPhysChem,	
2012,	13,	3370-3382.	
	
